Hypospadias surgery with foreskin reconstruction is an increasingly preferred option for the management of this common condition. The objective of this study was to identify the bacterial flora present before and after cleansing of the prepuce as well as 7 d after surgery. Sixty-three boys aged between 12-14 months, with primary distal hypospadias undergoing tubularized incised plate repair, were recruited between October 2013 and April 2014. Microbiological swabs were taken pre-and post-operatively to identify organisms present under their foreskin at the time of surgery and compared with organisms present 7 d post-operatively at the time of dressing removal. A parent reported wound infection tool was used to explore parents' perception and management of their son's wound 4 weeks following surgery. Bacterial colonization of the penis was common. Routine cleansing with an alcoholic chlorhexidine solution reduced bacterial flora in 82% of boys with a positive preoperative swab result. Post-operative colonization of the penis was found in 93% of patients, wound dressing colonization was common. Two parents' reported concerns regarding their son's wound healing. Topical cleansing at the time of surgery is effective in reducing the number of organisms present under the foreskin. Despite recolonization 7 d after surgery, clinical infection remains uncommon. Complication rate 12 months after surgery was very low <2%.
INTRODUCTION
Hypospadias is a common birth defect occurring in approximately 1 in 300 live male births. Hypospadias can comprise of up to three anatomical anomalies; abnormal ventral opening of the urethral meatus, chordee of the penis and hooded foreskin (Wilcox and Mouriquand, 2008) . The goal of early surgery for distal hypospadias is to improve penile appearance and promote positive psychological outcome while achieving a low-complication rate and absence of voiding problems (Ghidini et al., 2016) . The outcomes following hypospadias surgery maybe influenced by many factors including technical approach and surgical skill (Ratan and Ratan, 2002; Barbagli et al., 2010) , suture materials (Kerstein et al., 2013) , physiological determinates such as sustaining blood supply and tissue integrity during surgery and (Spinoit et al., 2013) post-operative wound care and bladder drainage (Pfeil et al., 2012) . Foreskin reconstruction is an option at the time of primary surgery thereby preventing the need for circumcision. Whilst foreskin reconstruction has been reported to carry an 8% risk of specific complications (dehiscence of reconstructed prepuce or secondary phimosis needing circumcision), there appears to be no increase in urethroplasty complications .
BACKGROUND
We wanted to explore whether the natural bacterial flora of the penis influenced outcome for a population of boys in the UK undergoing primary distal hypospadias surgery with foreskin repair. The genital area is likely to be colonized by a relatively fixed population of microorganisms, which can become pathogenic if they infect surrounding tissue following hypospadias surgery (Andenaes et al., 1995) . Previous studies have looked at various methods of skin preparation prior to and on the day of surgery (Ratan et al., 2001; Ma et al., 2015) . Soaking solutions 0·1% providone and 0·1% providone + 1·6% saline have been found to reduce perineal bacteria prior to urethral surgery (Ma et al., 2015) . While the incidence of penile bacterial flora pre-and post-cleaning ranges between 30 and 53·3% with reports of 'relevant infection' varying from 68 to 82% 5 d post surgery (Ratan and Ratan, 2002) . The incidence of bacteriuria as a complicating factor has been reported in 66% (n = 36/54) of boys (Meir and Livne, 2004) . The most common organisms isolated in this study were Pseudomonas aeruginosa or Klebsiella spp. The risk of serious wound infection following hypospadias surgery and its impact on long-term outcome remain unclear (Kocherov et al., 2012) with the suggestion of a less than 5% chance of early wound complication (Massati et al., 2015) .
Mild localized infection can occur as a result of pre-existing colonization of the foreskin or contaminated dressings post surgery. It is unclear if the incidence of complications can be reduced if preventative measures to reduce bacterial growth are taken. Our study objectives focused on the following, to:
• Characterize penile bacterial flora in a group of boys from the UK immediately before and 7 d after distal hypospadias repair with foreskin reconstruction.
• Evaluate the effectiveness of our preoperative cleaning approach.
• Explore whether a suitable standardized antibiotic protocol could be devised.
• Explore parent reporting of their child's penile wound post-operatively and compare with the presence of bacteria, pre-and post-operatively. This paper investigated current practice within our centre.
PATIENT AND METHODS
Data were collected prospectively between October 2013 and April 2014 from a sample of boys undergoing tabularized incised plate repair for distal hypospadias with foreskin reconstruction at a specialist tertiary paediatric surgical unit. Patients followed a standardized pathway, which included preoperative assessment, peri-operative care and post-operative management. An aspect of parental teaching preoperatively focuses on providing parents with written information about how to care for their son's dressing post surgery and penile wound post-dressing removal. These patient information leaflets were previously developed in partnership with parents who have had a son experience hypospadias surgery with foreskin reconstruction. Antibiotics were given intravenously at induction of anaesthesia. Patients received a caudal or penile block as well as regular oral analgesia post surgery.
After surgery, a urethral stent was left in place for up to 7 d secured with a DuoDERM © dressing, ConvaTec, Sunderland, UK. During the recovery period (Days 1-7), the child was given 4 mg/kg Trimethoprim twice daily. At Day 7, patients returned to the hospital for dressing and stent removal. Routinely, parents received a follow-up phone call from the urology nurses 4 weeks after surgery. Inclusion criteria were all boys having primary distal hypospadias surgery with foreskin reconstruction and post-operative dressing and stent. Exclusion criteria included boys not requiring a dressing, redo or first-staged surgery and those having circumcision at the time of surgery.
All bacterial samples were collected using rayontipped swabs containing Aimes transport medium (Medical Wire & Equipment Co Ltd, Corsham, UK) and were then sent to the laboratory for culture and sensitivity testing. Swabs were obtained at four time points in the study. Once the child was anaesthetized, a swab was taken from inside the prepuce before skin cleaning. The foreskin was then cleaned, which included release of prepucial adhesions, with an alcoholic chlorhexidine solution that was allowed to dry for 3-5 min. The second swab was then taken from the same area as the first. The two further swabs were taken at the time of dressing removal; one from inside the tip of the dressing and the other from the tip of the repaired foreskin. As per our pathway, the nurse documented if any additional treatment was started following dressing removal such as topical chloramphenicol at dressing removal.
Parents were asked to complete a standard surgical site wound care questionnaire (Public Health England, 2013) by the urology nurse when they made their routine follow-up call 4 weeks post-operatively. After three failed telephone contacts, the questionnaire was posted with a stamped return addressed envelope.
RESULTS
A total of 129 boys underwent hypospadias surgery during the study time frame. Sixty-three (49%) were recruited to the study based on the study inclusion criteria and staff recall to enrol participants. A total of 27 (43%) had a complete data set of pre-and post-swab results with 20 from this group also having completed parents reported wound questionnaire.
Preoperative
Sixty-two patients had Co-amoxiclav at induction while one had Cefuroxime. Preoperative swabs were collected in 44 boys; 40 had a positive swab result. A variety of bacteria were isolated from the swabs with more than one organism present in many of the samples, see Table 1 for summary. Of the 40 with positive growth, 33 (82%) were effectively cleaned, having a negative swab post cleansing, 7 showed the same or different bacteria after cleansing. Two patients who had no growth pre-cleaning showed growth post cleansing, see Table 2 .
Post-operative
Forty-five boys had 7-d post-operative swabs completed, with 40 having swabs of both foreskin and dressing. From the group with both dressing and penile swabs, 21 (53%) had at least one similar pathogen on both the dressing and foreskin. Twelve boys (n = 12/40, 30%) shared exactly the same flora on both the dressing and foreskin at time of removal. Only four boys 10% (n = 4/40) had a different colinization reported from either the foreskin or dressing. The organisms that were missed by the dressing were noted to be Gram-negative pathogens. Only three boys had no growth on either dressing or foreskin swab. From the 45 boys, 27% had a post-operative positive swab result for Candida.
Standard sensitivity testing following the British Society for Antimicrobial Chemotherapy method was completed for all organisms and later extended to include Trimethoprim and Chloramphenicol after the first 10 patients. Four boys were prescribed topical Chloramphenicol at the time of dressing removal based on nurse assessment of likely wound infection. All of these had positive foreskin swab cultures. One of these four boys had an Escherichia coli isolated from swabs, which was Chloramphenicol resistant. Susceptibility testing was performed against Trimethoprim and Chloramphenicol; however, the numbers of isolates were too low to make statements on susceptibility patterns.
Parent reported wound data was available for three of these four boys, while two had no further treatment one boy (who had received Chloramphenicol for suspected infection) had isolates sensitive to Trimethoprim and Cephalosporins but resistance to Amoxicillin. Parents sought advice from his primary care centre where he was treated with oral Flucloxacillin.
Parents wound reported data was collect from n = 40 parents (all mothers) 4 weeks post-operatively with 20 (50%) being matched to those with post-operative swabs of dressing and foreskin. Two boys (5%) were presented to their primary care provider. One was treated with Flucloxacillin (as above) and the other who had not been considered to have signs of infection by the nurse at dressing removal and had negative swabs (no growth on either dressing or foreskin swab) was subsequently treated for suspected Candida by the primary care provider.
In addition to completing the wound questionnaire, parents volunteered information and concerns about their son's post-operative experience and appearance of penis and foreskin post surgery. Feedback included comments about swelling, general redness of the surgical site or penile area, skin sensitivity, visible sutures, localized pain and dysuria.
At follow-up 12 months post-surgery, three boys (1·8%) needed further surgery; two had fistulae repair, one had had two fistulae repair. One boy had a phimosis and one a slight rotation (left) to his foreskin neither needed further surgery.
DISCUSSION
This initial study of our current practice confirms that bacterial colonization of the prepuce is common. Routine cleansing with an alcohol and chlorhexidine solution resulted in no growth of bacteria preoperatively in (n = 35/45) 77% of all boys tested. Previous studies have reported that standard cleaning using standard soap and water 48 h before surgery compared with standard approach plus application of 2% Mercurochrome on the day of theatre impacted on the presence of pre-and post-operative microorganisms on the skin (Ratan and Ratan, 2002) . Comparing our data, cleansing with alcohol and chlorhexidine solution immediately pre surgery resulted in successful cleaning in 77% of the boys compared with only 38% when using soap and water or 45% with the addition of Mercurochrome.
Post-operative wound dressing colonization was common. We had hoped that we could confidently culture from wound dressing rather than swab the foreskin post-operatively. Our aim was to minimize distress caused to the patient if there was a suspected wound infection. However, findings from this study suggest that collecting wound samples from a dressing is not satisfactory. A positive swab from the wound or dressing did not predict raised parental concern with wound healing 4 weeks post-operatively. Routine pre-or post-operative swabs are not recommended, however swabs should be taken from the wound site if infection is suspected.
Similar to previous studies (Ratan and Ratan, 2002; Meir and Livne, 2004 ), we did not identify an antibiotic that covered all possible organisms. Our choice of Co-amoxiclav preoperatively would be a reasonable option as the predominant organisms are Enterococcus spp. and E. coli. Of the positive post-operative swabs collected from the penis, 75% of isolates were sensitive to Trimethoprim. However, our current practice is to stop this medication at dressing removal and this needs to be reconsidered with a view to continuing for a further 24 h. For 25% of the boys, penile organisms were resistant to Trimethoprim and at this time we have no indication of how to identify this group. Chloramphenicol ointment is commonly used topically in our unit on penile wounds when there is a suspected infection. The evidence from this study suggests that Chloramphenicol resistance is low.
The incidence of post-operative wound infection in day-case surgery in a tertiary referral centre is difficult to establish since parents are, in the main, the judges of penile healing in the first few weeks post surgery. Only 5% of parents had concerns about possible wound infection, which resulted in attendance at their primary care service. No patients represented directly to our unit with wound concerns. For those that attended primary care, the treatment prescribed did not cover the organisms we had identified on the swabs taken, therefore we would recommend obtaining wound swabs from suspected infected wounds.
The parents were confident to answer the wound care questions when they spoke with the nurse at their planned 4-week telephone follow-up. No parent returned a mailed questionnaire following failed telephone contact. While the majority of mothers 95% reported no problems with their son's wound healing, 40% talked to the nurse about their worries which included managing their son's pain whilst at home, post-operative swelling, dysuria, visible sutures and white spots which subsequently settled.
Completion of data collection was disappointing despite training, dissemination of information in operating theatres and on the wards and recruiting a part time research assistant to support data collection. Recruitment opportunity was frequently lost and less than half of the patients had complete data sets. Although useful information was obtained, collection of more robust data should have been possible. This highlights the difficulty of completing research in a busy clinical environment. Although on occasions, there were good clinical reasons for failure to obtain swabs, such as dressing falling off at home, on many occasions it was oversight on the part of clinicians and nursing staff that led to failure. There was also a failure to test the sensitivity of organisms against our standard treatments in the early part of the study, as both Trimethoprim and Chloramphenicol are not commonly assessed at first line wound culture; the laboratory had to amend their routine testing parameters. Interestingly, parents were counselled post-operatively to expect their routine follow-up phone, yet contact remained problematic.
Review 12 months after surgery indicated a low-complication rate that warranted further surgical intervention. The one patient who experienced two fistulae repair is a complex patient with multiple co-morbidities.
The present study did not examine the role of dressing type, duration and use of stent in post-operative colonization. A further similar study examining the use of antiseptic sutures and reduced length of time the dressing is in place or no dressing could be helpful. Future collaborative and multisite studies could advance this very early preliminary work to identifying best practice and the possible cost savings to health providers and parents by standardizing treatment.
CONCLUSION
Bacterial colonization is common both pre-and post-operatively in boys undergoing primary distal hypospadias surgery with foreskin reconstruction. Cleansing topically at the time of surgery reduces pathogens under the foreskin. The presence of bacteria did not appear to impact upon wound healing in these boys. With variation in local, national and international management of boys undergoing hypospadias repair, collaborative working is recommended in order to improve the outcomes for this population.
